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My career as a chemist and as an observer of the chemical sciences extends back far enough that I remember well when most enzymes were essentially catalytic black boxes characterized by Michaelis/Menten constants. The ability of X-ray crystallographers to solve the structures of ever larger proteins opened a window on biology that was breathtaking. Yet, at the workshop, such structures were described by more than one participant as mere "snapshots"--highly useful, of course, but inadequate to the task of understanding the dynamic behavior of proteins interacting with small molecules and with other proteins. What is now needed, they maintained, are rigorously accurate "molecular movies" of such interactions. Rustem F. Ismagilov, an assistant chemistry professor at the University of Chicago, observed that living systems possess many qualities that make them very different from the systems chemists are used to characterizing. Living systems have an enormous number of components involved in highly complex reaction networks; they are far from equilibrium and inherently dissipative; they are nonuniform in space and time. New tools that address these qualities are needed to probe living systems, Ismagilov maintained.
The working draft of the workshop report identified 10 challenges where chemistry can make progress toward understanding the molecular basis of life processes:
What can we make by harnessing the synthetic capacity of life? What are the molecular mechanisms responsible for an organism's development? What is the molecular basis of memory and learning? How do life processes emerge from networks of interacting chemical reactions? Can chemistry be the steward of the biosphere? How can we build optimally healthy organisms? Can we image the components of cells and make movies of molecules moving through the cellular assembly? Can we find ways to bridge living and nonliving systems? How can we view, interpret, and direct molecular choreography in living systems? How do living systems coordinate molecular processes?
What struck me about the workshop was the audacity of the challenges being discussed and the confidence of the chemists that progress could be made addressing them. On only one challenge--the possibility of a molecular-level explanation of consciousness--did the attendees step back and concede that the scope of the question was beyond chemistry's capabilities.
Undoubtedly, this list will evolve as the workshop report is honed, but it provides a good sense of the tenor of the discussion and the opportunities these chemists see for their discipline in the coming years. The challenges are interesting both for their difficulty and for their diversity.
Some of the challenges are practical, such as harnessing the synthetic capacity of life to provide new opportunities in pharmaceuticals, advanced materials, and environmental protection and remediation. Another addresses a most fundamental question of science: How does life emerge from a network of chemical reactions? And one has a deeply moral component, recognizing as it does that human impact on the biosphere is influencing global habitability.
Chemistry prides itself on being the "central science." It is also a powerful set of tools for understanding the natural world. These challenges remind us again of chemistry's essential role in understanding life at its most fundamental level.
Thanks for reading.
